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(54) High speed Optical recording medium

(57) A heat mode recordable, optical recording me-
dium comprising: a transparent substrate; a recording
layer containing a dye; and a reflective layer, wherein
the recording layer comprises an organic dye, and the
medium has an optimum recording power of at least 25
mW when recorded at a linear velocity v (m/sec) with a
laser beam having a wavelength of 600 to 700 nm, the
optimum recording power being defined as a recording
power (Po) at which a jitter in recording 8/16 modulation

signals is lowest and being represented by equation:

in which P1 is an optimum recording power in recording
at a linear velocity of 3.5 (m/sec).

Po = P13 (ν/3.5) , 1.5P1 3 (ν/3.5)
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Description

FIELD OF THE INVENTION

[0001] This invention relates to a heat mode recording medium capable of writing (recording) or reading (reproducing)
information with a high energy density laser beam and a recording method using the same. More particularly, it relates
to heat mode recording media such as recordable digital versatile disks (DVD-Rs) suited to writing with visible laser light.

BACKGROUND OF THE INVENTION

[0002] Optical information recordingmedia, namely optical disks, that can be written only once with laser light, which
are also called recordable CDs (CD-Rs), are known. Compared with conventional CDs, CD-Rs are advantageous in
that they can be supplied at reasonable prices in a short time even on a small production scale and have enjoyed an
increasing demand with the recent spread of personal computers. Recording media of CD-R type are typically com-
posed of a transparent disk substrate having a recording layer containing an organic dye, a reflective layer made of
metal such as gold, and a protective resin layer stacked thereon in the order described.
[0003] Writing on an optical disk is carried out by partly irradiating the recording layer with a laser beam in the near
infrared region (usually at wavelengths around 780 nm) to cause the irradiated part of the recording layer to generate
heat resulting in deformation. The recorded information is usually read (reproduced) by irradiating with a laser beam
having the same wavelength of the write beam and detecting the difference in reflectance between the deformed part
(recorded part) and the non-deformed part (non-recorded part) of the recording layer.
[0004] In recent years, recording media of higher recording density have been sought for. To increase the recording
density it is effective to reduce the beam diameter of writing laser light. It is theoretically known that laser light having
a shorter wavelength can be focused into a smaller beam diameter and is therefore favorable for achieving an increased
recording density. In this line, optical disks capable of writing and reading with laser light having a wavelength shorter
than 780 nm have been developed. DVD-Rs can be mentioned as a type of such optical disks now on the market.
DVD-Rs have a structure in which a disk having a transparent substrate of 120 mm or 80 mm in diameter, a recording
layer made of a dye, and usually a reflective layer and a protective layer stacked in that order is joined with another
disk of the same structure or a protective disk substrate of the same diameter via an adhesive with the recording layer
(s) inside. DVD-Rs are writable and readable by irradiating with a visible laser beam usually having a wavelength
between 600 nm and 700 nm and achieve higher density recording than CD-Rs.
[0005] Since DVD-Rs are capable of recording several times as much information as conventional CD-Rs, they are
required to have not only high recording sensitivity but, in particular, a small error ratio in high-speed recording in view
of the need to rapidly deal with vast information data. In addition, because the recording layer made of a dye is generally
susceptible to deterioration by heat or light with time, development of a recording layer that maintains stable perform-
ance against heat or light for an extended period of time has been desired.
[0006] JP-A-63-209995 discloses a CD-R type recording medium having a recording layer comprising an oxonol dye
on a substrate. The publication alleges that use of the dye makes it possible to maintain stable write/read performance
characteristics for a long time. Included in the oxonol dyes disclosed are those having ammonium introduced in the
form of an intramolecular salt. JP-A-2000-52658 and JP-A-2002-249674 disclose oxonol dye compounds exhibiting
high light fastness and durability and providing an optical recording medium with satisfactory recording characteristics.
However, the publications do not mention that the optical recording media containing the oxonol dye exhibit excellent
write/read performance at high speeds equivalent to DVD-R's format 8x or higher speed.

SUMMARY OF THE INVENTION

[0007] The present inventors have investigated the performance of DVD-R type optical recording media containing
various oxonol dye compounds disclosed in the above cited publications. They have found as a result that the media
exhibit particularly superior recording characteristics (especially aperture ratio) in high speed recording at an 8x or
higher speed as well as sufficient performance in low speed recording at a 1x to about 4x speed. In other words, they
have found that the optical recording medium of the present invention shows satisfactory recording performance in 8x
or higher speed recording while maintaining satisfactory recording characteristics in low speed recording at a 1x to
about 4x speed. A disk recorded at a recording speed as high as 8x or more proved to be markedly superior in data
storage stability (light fastness and stability under high humidity, high temperature conditions as archivals) to those
recorded at a speed as low as 1x to about 4x.
[0008] An object of the invention is to provide an optical recording medium which achieves a high reflectance and a
high degree of modulation in 8x or higher speed recording while maintaining satisfactory recording characteristics in
low speed recording at a 1x to about 4x speed.
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[0009] Another object of the invention is to provide an optical recording medium which has a sufficiently low jitter at
a recording speed broadly ranging from 1x to 16x.
[0010] Still another object of the invention is to provide an optical recording medium fast to light and heat.
[0011] To accomplish the above objects of the invention, the present invention provides, in its first aspect, a heat
mode recordable, optical recording medium having a transparent substrate, a recording layer containing a dye, and a
reflective layer. The recording layer contains an organic dye as a main component. The recording layer preferably
contains the organic dye in an amount of 50 % by weight or more based on a weight of the recording layer, more
preferably contains the organic dye in an amount of 80 % by weight or more based on a weight of the recording layer,
further more preferably contains the organic dye in an amount of 90 % by weight or more based on a weight of the
recording layer, and still further more preferably contains the organic dye in an amount of 95 % by weight or more
based on a weight of the recording layer. When the medium is recorded at a linear velocity v (m/sec) with a laser beam
having a wavelength of 600 to 700 nm, the optimum recording power is 25 mW or higher (preferably 30 to 60 mW, still
preferably 32 to 60 mW). The optimum recording power is defined to be a recording power (Po) at which the jitter in
recording 8/16 modulation signals is lowest, being represented by equation:

where P1 is the optimum recording power in recording at a linear velocity of 3.5 (m/sec).
[0012] The organic dye is preferably an oxonol dye, still preferably an oxonol dye represented by formula (I):

wherein Za1 and Za2 each represent an atomic group necessary to form an acidic nucleus; Ma1, Ma2, and Ma3 each
represent a substituted or unsubstituted methine group; ka represents an integer of 0 to 3; when ka is 2 or 3, Ma1' s
and Ma2' s may be the same or different, respectively; Q represents an ion neutralizing the charge; and y represents
a number necessary for neutralization.
[0013] The oxonol dye of formula (I) is preferably the one in which the ion represented by Q is represented by formula
(II) :

Po = P1 3 (v/3.5) ~ 1.5P1 3 (v/3.5)
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wherein R11, R12, R14, R15, R16, R17, R19, and R20 each represent a hydrogen atom or a substituent; and R13 and R18

each represent a substituent.
[0014] The optical recording medium preferably has a first laminate having a transparent disk substrate with a di-
ameter of 120±3 mm or 80±3 mm and a thickness of 0.6±0.1 mm and having a pregroove formed thereon at a track
pitch of 0.6 to 0.9 µm and a recording layer containing a dye formed on the pregrooved side of the substrate joined
with (a) a second laminate having the same dimension and structure as the first laminate with the recording layer of
the first laminate and the recording layer of the second laminate facing each other to have a total thickness of 1.2±0.2
mm or (b) a protective disk substrate with the recording layer facing the protective disk substrate to have a total thickness
of 1.2±0.2 mm.
[0015] The present invention also provides, in its second aspect, an optical recording method comprising recording
an optical recording medium having a transparent substrate, a recording layer containing at least an organic dye pro-
vided on the substrate, and a reflective layer provided on the recording layer with a laser beam having a wavelength
of 600 to 700 nm at a linear velocity v (m/sec) with an optimum recording power of 25 mW or higher (preferably 60
mW or lower). The optimum recording power is defined to be a recording power (Po) at which the jitter in recording
8/16 modulation signals is lowest, being represented by equation:

where P1 is the optimum recording power in recording at a linear velocity of 3.5 (m/sec).
[0016] The present invention also provides, in its third aspect, an optical recording medium used in the optical re-
cording method as set forth above. The organic dye of the recording layer is preferably an oxonol dye, still preferably
an oxonol dye represented by formula (I):

wherein Za1 and Za2 each represent an atomic group necessary to form an acidic nucleus; Ma1, Ma2, and Ma3 each
represent a substituted or unsubstituted methine group; ka represents an integer of 0 to 3; when ka is 2 or 3, Ma1' s
and Ma2' s may be the same or different, respectively; Q represents an ion neutralizing the charge; and y represents
a number necessary for neutralization.
[0017] The oxonol dye of formula (I) is preferably the one in which the ion represented by Q is represented by formula
(II) :

Po = P1 3 (v/3.5) ~ 1.5P1 3 (v/3.5)
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wherein R11, R12, R13, R14, R15, R16, R17, R19, and R20 each represent a hydrogen atom or a substituent; and R13 and
R18 each represent a substituent.
[0018] The optical recording medium according to the third aspect is preferably composed of a first laminate having
a transparent disk substrate with a diameter of 120±3 mm or 80±3 mm and a thickness of 0. 6±0.1 mm and having a
pregroove formed thereon at a track pitch of 0.6 to 0.9 µm and a recording layer containing a dye formed on the
pregrooved side of the substrate joined with (a) a second laminate having the same dimension and structure as the
first laminate with the recording layer of the first laminate and the recording layer of the second laminate facing each
other to have a total thickness of 1.2±0.2 mm or (b) a protective disk of the same diameter as the first laminate with
the recording layer facing the protective disk to have a total thickness of 1.2±0.2 mm.
[0019] Compared with dyes for low speed recording, the dyes used in the present invention have a large real part n
of the complex refractive index with the imaginary part k being equal to or smaller. The optical recording medium
provided by the present invention exhibits excellent recording characteristics at low to high speeds.
[0020] A particularly excellent performance is exhibited for high-speed recording at 8x or higher speed, and specif-
ically with respect to aperture ratio, by the optical recording media of the invention. In addition, the optical recording
media of the invention exhibit desirable recording performance even in high-speed recording at 8x or higher along with
maintaining a good recording performance in low-speed recording at about a 1x to about 4x speed.
[0021] A disk recorded at a 8x or higher recording speed proved to be markedly superior in the data storage stability
(light fastness and stability under humid, high temperature conditions as archivals) to those recorded at a low speed
of a 1x to about 4x. In particular, when a silver alloy is used for the reflective layer, good stability under high humidity,
high temperature conditions was achieved. Silver alloys comprising Ag, Nd and Cu are preferred.

DETAILED DESCRIPTION OF THE INVENTION

[0022] The organic dye that can be used in the optical recording medium of the invention preferably includes oxonol
dyes. Examples of useful oxonol dyes are given in F.M. Harmer, Heterocyclic Compounds-Cyanine Dyes and Related
Compounds, John & Wiley & Sons, New York, London, 1964.
[0023] Of the oxonol dyes preferred are those represented by formula (I):
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wherein Za1 and Za2 each represent an atomic group necessary to form an acidic nucleus; Ma1, Ma2, and Ma3 each
represent a substituted or unsubstituted methine group; ka represents an integer of 0 to 3; when ka is 2 or 3, Ma1' s
and Ma2' s may be the same or different, respectively; Q represents an ion neutralizing the charge; and y represents
a number necessary for neutralization.
[0024] The atomic group Za1 and Za2 is more specifically defined in James (ed.), The Theory of the Photographic
Process, 4th Ed., MacMillan, 1977, 198. Specific examples of the acidic nuclei completed by Za1 or Za2 are pyrazol-
5-one, pyrazolidine-3,5-dione, imidazolin-5-one, hydantoin, 2- or 4-thiohydantoin, 2-iminooxazolidin-4-one, 2-oxazolin-
5-one, 2-thiooxazoline-2,4-dione, isorhodanine, rhodanine, 5- or 6-membered carbon rings (e.g., indane-1,3-dione),
thiophen-3-one, thiophen-3-one 1,1-dioxide, indolin-2-one, indolin-3-one, 2-oxoindazolium, 5,7-dioxo-6,7-dihydrothia-
zolo[3,2-a]pyrimidine, 3,4-dihydroisoquinolin-4-one, 1,3-dioxane-4,6-dione (e.g., Meldrum's acid), barbituric acid,
2-thiobarbituric acid, coumarin-2,4-dione, indazolin-2-one, pyrido[1,2-a]pyrimidine-1,3-dione, pyrazolo[1,5-b]quina-
zolone, pyrazolopyridone, and 3-dicyanomethylidenyl-3-phenylpropionitrile. Preferred of them are pyrazol-5-one, bar-
bituric acid, 2-thiobarbituric acid, and 1,3-dioxane-4,6-dione.
[0025] The substituents of the substituted methine group represented by Ma1, Ma2 or Ma3 include a substituted or
unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted aryloxy group, a substituted or unsubstituted heterocyclic group, a halogen atom, a car-
boxyl group, a substituted or unsubstituted alkoxycarbonyl group, a cyano group, a substituted or unsubstituted acyl
group, a substituted or unsubstituted carbamoyl group, a substituted or unsubstituted amino group, a sulfo group, a
hydroxyl group, a nitro group, a substituted or unsubstituted sulfonylamino group, a substituted or unsubstituted ami-
nocarbonylamino group, a substituted or unsubstituted alkylsulfonyl group, a substituted or unsubstituted arylsulfonyl
group, a substituted or unsubstituted sulfinyl group, and a substituted or unsubstituted sulfamoyl group. Preferred of
these substituents are a substituted or unsubstituted alkyl group having 1 to 20 carbon atoms, a substituted or unsub-
stituted heterocyclic group having 2 to 20 carbon atoms, a substituted or unsubstituted alkoxy group having 1 to 20
carbon atoms, a substituted or unsubstituted aryl group having 6 to 20 carbon atoms, and a halogen atom. Still preferred
are a substituted or unsubstituted alkyl group having 1 to 10 carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 10 carbon atoms, a substituted or unsubstituted heterocyclic group having 2 to 10 carbon atoms, and a
halogen atom. Particularly preferred are an unsubstituted alkyl group having 1 to 5 carbon atoms, an unsubstituted
alkoxy group having 1 to 5 carbon atoms, a substituted or unsubstituted heterocyclic group having 2 to 6 carbon atoms,
and a halogen atom.
[0026] Ma1, Ma2, and Ma3 each preferably represent an unsubstituted methine group or a methine group substituted
with an unsubstituted alkyl group having 1 to 5 carbon atoms, an unsubstituted alkoxy group having 1 to 5 carbon
atoms, a substituted or unsubstituted heterocyclic group having 2 to 6 carbon atoms or a halogen atom.
[0027] ka is preferably 1 or 2. When ka is 2 or greater, Ma1' s and Ma2' s may be the same or different, respectively.
[0028] As stated above, Qy means a requisite number of ions for neutralizing the charge. Whether a compound is
a cation or an anion or whether or not a compound has a net charge depends on the substituents of the compound.
In formula (I), the ion represented by Q can represent a cation or an anion, which depends on the charge of the counter
ion, i.e., the dye molecule. Where the dye molecule is free of charge, there is not Q (ka=0). The ion represented by Q
is not particularly limited and includes organic ones and inorganic ones. Q may be monovalent or polyvalent. Cations
represented by Q include metal ions, e.g., sodium and potassium ions, and onium ions such as quaternary ammonium,
oxonium, sulfonium, phosphonium, selenonium, and iodonium ions. Anions represented by Q include halide ions, e.
g., chloride, bromide, and fluoride ions; a sulfate ion; heteropoly-acid ions, e.g., phosphate and hydrogenphosphate
ions; organic polyvalent anions, e.g., succinate, maleate, fumarate, and aromatic disulfonate ions; a tetrafluoroborate
ion; and a hexafluorophosphate ion.
[0029] The cation as Q is preferably an onium ion, still preferably a quaternary ammonium ion, particularly preferably
a 4,4'-bipyridinium cation represented by formula (1-4) described in JP-A-2000-52658 or a 4,4'-bipyridinium cation
disclosed in JP-A-2002-59652.
[0030] Of the oxonol dyes represented by formula (I) preferred are those in which Q is a cation represented by formula
(II) :
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wherein R11, R12, R14, R15, R16, R17, R19, and R20 each represent a hydrogen atom or a substituent; and R13 and R18

each represent a substituent.
[0031] The substituents in formula (II) include a halogen atom, an alkyl group including a cycloalkyl group and a
bicycloalkyl group, an alkenyl group including a cycloalkenyl group and a bicycloalkenyl group, an alkynyl group, an
aryl group, a heterocyclic group, a cyano group, a hydroxyl group, a nitro group, a carboxyl group, an alkoxy group,
an aryloxy group, a silyloxy group, a heterocyclic oxy group, an acyloxy group, a carbamoyloxy group, an alkoxycar-
bonyloxy group, an aryloxycarbonyloxy group, an amino group including an anilino group, an acylamino group, an
aminocarbonylamino group, an alkoxycarbonylamino group, an aryloxycarbonylamino group, a sulfamoylamino group,
an alkylsulfonylamino group, an arylsulfonylamino group, a mercapto group, an alkylthio group, an arylthio group, a
heterocyclic thio group, a sulfamoyl group, a sulfo group, an alkylsulfinyl group, an arylsulfinyl group, an alkylsulfonyl
group, an arylsulfonyl group, an acyl group, an aryloxycarbonyl group, an alkoxycarbonyl group, a carbamoyl group,
an arylazo group, a heterocyclic azo group, an imido group, a phosphino group, a phosphinyl group, a phosphinyloxy
group, a phosphinylamino group, and a silyl group.
[0032] More specifically, R11, R12, R14, R15, R16, R17, R19, and R20 each represent (1) a hydrogen atom, (2) halogen
atom (e.g., chlorine, bromine or iodine), (3) an alkyl group that is straight, branched or cyclic and substituted or unsub-
stituted and includes an acyclic one (preferably an acyclic alkyl group having 1 to 30 carbon atoms, e.g., methyl, ethyl,
n-propyl, isopropyl, t-butyl, n-octyl, eicosyl, 2-chloroethyl, 2-cyanoethyl or 2-ethylhexyl), a cycloalkyl group (preferably
a substituted or unsubstituted cycloalkyl group having 3 to 30 carbon atoms, e.g., cyclohexyl, cyclopentyl or 4-n-do-
decylcyclohexyl), a bicycloalkyl group (preferably a substituted or unsubstituted bicycloalkyl group having 5 to 30 carbon
atoms, i.e., a monovalent group derived from a bicycloalkane having 5 to 30 carbon atoms by removing one hydrogen
atom, e.g., bicyclo[1,2,2]heptan-2-yl or bicyclo[2,2,2]octan-3-yl), and other alkyl groups having three or more cyclic
structures such as a tricycloalkyl group (this definition for the term "alkyl group" will hereinafter apply to an alkyl moiety
in the substituents hereinafter recited, for example, an alkyl moiety in an alkylthio group), (4) a straight-chain, branched
or cyclic and substituted or unsubstituted alkenyl group including an acyclic alkenyl group (preferably a substituted or
unsubstituted one having 2 to 30 carbon atoms, e.g., vinyl, allyl, prenyl, geranyl or oleyl), a cycloalkenyl group (pref-
erably a substituted or unsubstituted one having 3 to 30 carbon atoms, i.e., a monovalent group derived from a cy-
cloalkene having 3 to 30 carbon atoms by removing one hydrogen atom, e.g., 2-cyclopenten-1-yl or 2-cyclohexen-
1-yl) , and a bicycloalkenyl group, either substituted or unsubstituted (preferably a substituted or unsubstituted one
having 5 to 30 carbon atoms, i.e., a monovalent group derived from a bicycloalkene having one double bond by removing
one hydrogen atom, e.g., bicyclo[2,2,1]hept-2-en-1-yl or bicyclo[2,2,2]oct-2-en-4-yl), (5) an alkynyl group (preferably
a substituted or unsubstituted one having 2 to 30 carbon atoms, e.g., ethynyl, propargyl or trimethylsilylethynyl), (6)
an aryl group (preferably a substituted or unsubstituted one having 6 to 30 carbon atoms, e.g., phenyl, p-tolyl, naphthyl,
m-chlorophenyl or o-hexadecanoylaminophenyl), (7) a heterocyclic group (preferably a monovalent group derived from
a 5- or 6-membered, substituted or unsubstituted, aromatic or non-aromatic heterocyclic compound by removing one
hydrogen atoms, still preferably a 5- or 6-membered aromatic heterocyclic group having 3 to 30 carbon atoms, e.g.,
2-furyl, 2-thienyl, 2-pyrimidinyl or 2-benzothiazolyl), (8) a cyano group, (9) a hydroxyl group, (10) a nitro group, (11) a
carboxyl group , (12) an alkoxy group (preferably a substituted or unsubstituted one having 1 to 30 carbon atoms, e.
g., methoxy, ethoxy, i sopropoxy, t-butoxy, n-octyloxy or 2-methoxyethoxy), (13) an aryloxy group (preferably a substi-
tuted or unsubstituted one having 6 to 30 carbon atoms, e.g., phenoxy, 2-methylphenoxy, 4-t-butylphenoxy, 3-nitroph-
enoxy or 2-tetradecanoylaminophenoxy), (14) a silyloxy group (preferably one having 3 to 20 carbon atoms, e.g.,
trimethylsilyloxy or t-butyldimethylsilyloxy), (15) a heterocyclic oxy group (preferably a substituted or unsubstituted one
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having 2 to 30 carbon atoms, e.g., 1-phenyltetrazol-5-oxy or 2-tetrahydropyranyloxy), (16) an acyloxy group (preferably
a formyloxy group, a substituted or unsubstituted alkyl carbonyloxy group having 2 to 30 carbon atoms, e.g., acetyloxy,
pivaroyloxy or stearoyloxy, or a substituted or unsubstituted arylcarbonyloxy group having 6 to 30 carbon atoms, e.g.,
benzoyloxy or p-methoxyphenylcarbonyloxy), (17) a carbamoyloxy group (preferably a substituted or unsubstituted
one having 1 to 30 carbon atoms, e.g., N,N-dimethylcarbamoyloxy, N,N-diethylcarbamoyloxy, morpholinocarbonyloxy,
N,N-di-n-octylaminocarbonyloxy or N-n-octylcarbamoyloxy), (18) an alkoxycarbonyloxy group (preferably a substituted
or unsubstituted one having 2 to 30 carbon atoms, e.g., methoxycarbonyloxy, ethoxycarbonyloxy, t-butoxycarbonyloxy
or n-octylcarbonyloxy), (19) an aryloxycarbonyloxy group (preferably a substituted or unsubstituted one having 7 to 30
carbon atoms, e.g., phenoxycarbonyloxy, p-methoxyphenoxycarbonyloxy or p-n-hexadecyloxypenoxycarbonyloxy),
(20) an amino group (preferably an unsubstituted amino group, a substituted or unsubstituted alkylamino group having
1 to 30 carbon atoms, e.g., methylamino or dimethylamino, or a substituted or unsubstituted arylamino group having
6 to 30 carbon atoms, e.g., anilino, N-methylanilino or diphenylamino), (21) an acylamino group (preferably a substituted
or unsubstituted alkylcarbonylamino group having 2 to 30 carbon atoms, e.g., formylamino, acetylamino, pivaroylamino
or lauroylamino, or a substituted or unsubstituted arylcarbonylamino group having 7 to 30 carbon atoms, e.g., ben-
zoylamino or 3,4,5-tri-n-octyloxyphenylcarbonylamino), (22) an aminocarbonylamino group (preferably a substituted
or unsubstituted one having 1 to 30 carbon atoms, e.g., carbamoylamino, N,N-dimethylaminocarbonylamino, N,N-
diethylaminocarbonylamino or morpholinocarbonylamino), (23) an alkoxycarbonylamino group (preferably a substitut-
ed or unsubstituted one having 2 to 30 carbon atoms, e.g., methoxycarbonylamino, ethoxycarbonylamino, t-butoxy-
carbonylamino, n-octadecyloxycarbonylamino or N-methylmethoxycarbonylamino), (24) an aryloxycarbonylamino
group (preferably a substituted or unsubstituted one having 7 to 30 carbon atoms, e.g., phenoxycarbonylamino, p-
chlorophenoxycarbonylamino or m-n-octyloxyphenoxycarbonylamino), (25) a sulfamoylamino group (preferably a sub-
stituted or unsubstituted one having 0 to 30 carbon atoms, e.g., sulfamoylamino, N,N-dimethylaminosulfonylamino or
N-n-octylaminosulfonylamino), (26) an alkylsulfonylamino group (preferably a substituted or unsubstituted one having
1 to 30 carbon atoms, e.g., methylsulfonylamino or butylsulfonylamino), (27) an arylsulfonylamino group (preferably a
substituted or unsubstituted arylsulfonylamino group having 6 to 30 carbon atoms, e.g., phenylsulfonylamino,
2,3,5-trichlorophenylsulfonylamino or p-methylphenylsulfonylamino), (28) a mercapto group, (29) an alkylthio group
(preferably a substituted or unsubstituted one having 1 to 30 carbon atoms, e.g., methylthio, ethylthio or n-hexade-
cylthio), (30) an arylthio group (preferably a substituted or unsubstituted one having 6 to 30 carbon atoms, e.g., phe-
nylthio, p-chlorophenylthioorm-methoxyphenylthio), (31) a heterocyclic thio group (preferably a substituted or unsub-
stituted one having 2 to 30 carbon atoms, e.g., 2-benzothiazolylthio or 1-phenyltetrazol-5-ylthio), (32) a sulfamoyl group
(preferably a substituted or unsubstituted one having 0 to 30 carbon atoms, e.g., N-ethylsulfamoyl, N-(3-dodecyloxy-
propyl)sulfamoyl, N,N-dimethylsulfamoyl, N-acetylsulfamoyl, N-benzoylsulfamoyl or N-(N'-phenylcarbamoyl)sulfa-
moyl), (33) a sulfo group, (34) an alkylsulfinyl group (preferably a substi tuted or unsubstituted one having 1 to 30
carbon atoms, e.g., methylsulfinyl or ethylsulfinyl), (35) an arylsulfinyl group (preferably a substituted or unsubstituted
one having 6 to 30 carbon atoms, e.g., phenylsulfinyl or p-methylphenylsulfinyl), (36) an alkylsulfonyl group (preferably
a substituted or unsubstituted one having 1 to 30 carbon atoms, e.g., methylsulfonyl or ethylsulfonyl), (37) an arylsul-
fonyl group (preferably a substituted or unsubstituted one having 6 to 30 carbon atoms, e.g., phenylsulfonyl or p-
methylphenylsulfonyl), (38) an acyl group (preferably a formyl group, a substituted or unsubstituted alkylcarbonyl group
having 2 to 30 carbon atoms, e.g., acetyl, pivaloyl, 2-chloroacetyl or stearoyl, a substituted or unsubstituted arylcarbonyl
group having 7 to 30 carbon atoms, e.g., benzoyl or p-n-octyloxyphenylcarbonyl, or a heterocyclic carbonyl group
containing 4 to 30 carbon atoms and having a carbonyl group bonded to the carbon atom of a heterocyclic ring, e.g.,
2-pyridylcarbonyl or 2-furylcarbonyl), (39) an aryloxycarbonyl group (preferably a substituted or unsubstituted one hav-
ing 7 to 30 carbon atoms, e.g., phenoxycarbonyl, o-chlorophenoxycarbonyl, m-nitrophenoxycarbonyl or p-t-butylphe-
noxycarbonyl), (40) an alkoxycarbonyl group (preferably a substituted or unsubstituted alkoxycarbonyl group having
2 to 30 carbon atoms, e.g., methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl or n-octadecyloxycarbonyl), (41) a
carbamoyl group (preferably a substituted or unsubstituted one having 1 to 30 carbon atoms, e.g., carbamoyl, N-
methylcarbamoyl, N,N-dimethylcarbamoyl, N,N-di-n-octylcarbamoyl or N-(methylsulfonyl)carbamoyl), (42) an arylazo
group (preferably a substituted or unsubstituted one having 6 to 30 carbon atoms, e.g., phenylazo or p-chlorophenyla-
zo), (43) a heterocyclic azo group (preferably a substituted or unsubstituted one having 3 to 30 carbon atoms, e.g.,
5-ethylthio-1,3,4-thiadiazol-2-ylazo), (44) an imido group (preferably N-succinimido or N-phthalimido), (45) a phosphino
group (preferably a substituted or unsubstituted one having 2 to 30 carbon atoms, e.g., dimethylphosphino, diphenyl-
phosphino or methylphenoxyphosphino), (46) a phosphinyl group (preferably a substituted or unsubstituted one having
2 to 30 carbon atoms, e.g., phosphinyl, dioctyloxyphosphinyl or diethoxyphosphinyl), (47) a phosphinyloxy group (pref-
erably a substituted or unsubstituted one having 2 to 30 carbon atoms, e.g., diphenoxyphosphinyloxy or dioctyloxy-
phosphinyloxy), (48) a phosphinylamino group (preferably a substituted or unsubstituted one having 2 to 30 carbon
atoms, e.g., dimethoxyphosphinylamino or dimethylaminophosphinylamino), or (49) a silyl group (preferably a substi-
tuted or unsubstituted one having 3 to 30 carbon atoms, e.g., trimethylsilyl, t-butyldimethylsilyl or phenyldimethylsilyl).
[0033] Of the above-recited substituents those having a hydrogen atom may have the hydrogen atom displaced with
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any of the above-recited substituents (≠H). Such substituents include an alkylcarbonylaminosulfonyl group, an aryl-
carbonylaminosulfonyl group, an alkylsulfonylaminocarbonyl group, and an arylsulfonylaminocarbonyl group, such as
methylsulfonylaminocarbonyl, p-methylphenylsulfonylaminocarbonyl, acetylaminosulfonyl, and benzoylaminosulfonyl.
[0034] It is preferred that all of R11, R12, R14, R15 , R16, R17, R19, and R20 represent a hydrogen atom. R13 and R18

each preferably represent a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group or a
substituted or unsubstituted heterocyclic group. R13 and R18 each still preferably represent a substituted or unsubsti-
tuted aryl group, particularly a substituted aryl group. A preferred substituent of the substituted aryl group represented
by R13 or R18 is a hydroxyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkyl group
or a halogen atom.
[0035] The most preferred oxonol dyes for use in the present invention are represented by formula (III):

wherein R1, R2, R3, and R4 each represent a substituted or unsubstituted alkyl group, a substituted or unsubstituted
aryl group, or a substituted or unsubstituted heterocyclic group; R1 and R2 may be taken together to form a ring; R3

and R4 may be taken together to form a ring; R21, R22, R23, R24, R25, R26, R27, R28, R29, and R30 each represent a
hydrogen atom or a substituent; and any adjacent two of R21, R22, R23, R24, R25, R26, R27, R28, R29, and R30 may be
taken together to form a ring.
[0036] In formula (III), the substituent includes those recited above with respect to R11, R12, R14, R15, R16, R17, R19,
and R20 of formula (II). R21, R22, R23, R24, R25, R26, R27, R28, R29, and R30 each preferably represent a hydrogen
atom, a hydroxyl group, a cyano group, a halogen atom, a substituted or unsubstituted aryl group or a substituted or
unsubstituted alkyl group. It is still preferred that R23 and R28 each represent a hydroxyl group and that R22 and R27

each represent a substituted or unsubstituted phenyl group. It is particularly preferred that R21, R24, R25, R26, R29, and
R30 each represent a hydrogen atom.
[0037] Examples of preferred compounds represented by formula (I) are shown below for illustrative purposes only
but not for limitation.
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[0038] General oxonol dyes are synthesized by condensation between a corresponding active methylene compound
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and a methine source (a compound supplying a methine group). For the details of these kinds of reactant compounds,
reference can be made in JP-B-39-22069, JP-B-43-3504, JP-B-52-38056, JP-B-54-38129, JP-B-55-10059, JP-B-
58-35544, JP-A-49-99620, JP-A-52-92716, JP-A-59-16834, JP-A-63-316853, JP-A-64-40827, British Patent 1133986,
and U.S. Patents 3,247,127, 4,042,397, 4,181,225, 5,213,956, and 5,260179. These compounds are also described
in JP-A-63-209995, JP-A-10-309871, and JP-A-2002-249674.
[0039] A so-called dye recycle is possible which comprises recovering the oxonol dye, which spattered around during
spin coating in the form of solution or dye, and again dissolving the recovered dye for the preparation of a coating
solution. In such operations, it is preferred to use an HPLC or spectrometer for the purpose of dye concentration
matching.
[0040] The dye compounds represented by formula (I) (inclusive of formula (III)) can be used either individually or
as a combination of two or more thereof or a combination with one or more of other dye compounds. The dyes that
can be used in combination with the compounds of formula (I) include azo dyes (including metal complexes), pyrometh-
ene dyes, and cyanine dyes.
[0041] The dyes used in the invention preferably have a thermal decomposition temperature ranging from 100° to
350°C, still preferably 150° to 300°C, particularly preferably 200° to 300°C. The dyes used in the invention preferably
have such optical characteristics when formed into an amorphous film that the real part n (refractive index) and the
imaginary part k (extinction coefficient) of the complex refractive index fall within the following ranges: 2.0≤n≤3.0 and
0.005≤k≤0.30, still preferably 2.1≤n≤2.7 and 0.01≤k≤0.15, particularly preferably 2.15≤n≤2.50 and 0.03≤k≤0.10.
[0042] The optical recording medium of the invention is not particularly limited in structure as long as it contains an
organic dye (preferably the dye compound of formula (I)) and has a specific optimum recording power under the spec-
ified recording conditions. The recording medium of the invention preferably has at least a recording layer containing
the organic dye and a reflective layer stacked in this order on a substrate.
[0043] For applications to a CD-R format, the optical recording medium of the invention preferably has a recording
layer containing the dye compound of formula (I) (preferably formula (III)), a reflective layer, and a protective layer
stacked in this order on a transparent disk substrate having a thickness of 1.2±0.2 mm and a pregroove at a track pitch
of 1.4 to 1.8 µm. Where applied to a DVD-R format, the optical recording medium preferably has either of the following
two structures.

(a) A structure having a pair of laminates each comprising a transparent disk substrate having a thickness of
0.6±0.1 mm and having a pregroove formed thereon at a track pitch of 0.6 to 0.9 µm, a recording layer containing
the dye compound of formula (I) formed on the pregrooved side of the substrate, and a reflective layer formed on
the recording layer, the two laminates being joined with their recording layers facing inside to have a total thickness
of 1.2±0.2 mm.
(b) A structure having a laminate comprising a transparent disk substrate having a thickness of 0.6±0.1 mm and
having a pregroove formed thereon at a track pitch of 0.6 to 0.9 µm, a recording layer containing the dye compound
of formula (I) formed on the pregrooved side of the substrate, and a reflective layer formed on the recording layer
and a protective substrate having the same dimension as the laminate, the laminate and the protective substrate
being joined with the recording layer facing the protective substrate to have a total thickness of 1.2±0.2 mm.

[0044] The optical recording medium of the invention is suited for use on an 8x or higher speed write/read drive,
preferably a 10x or higher speed, still preferably a 12x or higher speed, particularly preferably a 16x or higher speed,
write/read drive. The data transmission speed is preferably 80 Mbps or higher, still preferably 110 Mbps or higher,
particularly preferably 130 Mbps or higher, especially preferably 170 Mbps or higher.
[0045] The recording medium of the invention can be produced using the following materials and methods.
[0046] The material of the substrate (including the protective substrate) is chosen arbitrarily from various materials
conventionally used as a substrate of information recording media, such as glass, polycarbonateresins, acrylic resins
(e.g., polymethyl methacrylate), vinyl chloride resins (e.g., polyvinyl chloride and vinyl chloride copolymers) , epoxy
resins, amorphous polyolefins, and polyester resins. If desired, two or more of them may be used in combination. These
materials can be used in the form of a film or a rigid sheet. Polycarbonate resins are preferred of them in view of their
moisture resistance, dimensional stability, and low cost.
[0047] A primer coat may be provided on the substrate on which a recording layer is to be formed for improving the
flatness and adhesion and for preventing denaturation of the recording layer. The primer includes polymers such as
polymethyl methacrylate, acrylic acid-methacrylic acid copolymers, styrene-maleic anhydride copolymers, polyvinyl
alcohol, N-methylolacrylamide, styrene-vinyltoluene copolymers, chlorosulfonated polyethylene, nitrocellulose, poly-
vinyl chloride, chlorinated polyolefins, polyesters, polyimides, vinyl acetate-vinyl chloride copolymers, ethylene-vinyl
acetate copolymers, polyethylene, polypropylene, and polycarbonates; and surface modifiers such as silane coupling
agents. The primer coat is formed by dissolving or dispersing the primer in an appropriate medium and applying the
coating solution or dispersion to the substrate by spin coating, dip coating, extrusion coating, and the like techniques.
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[0048] The substrate (or the substrate and the primer coat) has a pregroove spirally formed thereon at the afore-
mentioned pitch for tracking control or address detection. The pregrooved substrate is preferably produced by molding
a resin material such as polycarbonate by injection molding or extrusion. The pregrooved substrate may be obtained
by forming a pregroove layer on the substrate as follows. A curing composition containing at least one monomer se-
lected from acrylic acid mono- , di-, tri- or tetraesters (or their oligomers) and a photopolymerization initiator is applied
to a precise stamper. The substrate is placed on the applied layer, and the curing composition is irradiated with ultraviolet
light through the stamper or the substrate to cure and adhere to the substrate. The substrate with the thus formed
pregroove layer is removed from the stamper.
[0049] A recording layer containing the organic dye, preferably the dye compound of formula (I), is applied to the
pregrooved side of the substrate (or the primer coat). The recording layer can contain various discoloration inhibitors
for improving the light fastness. Typical discoloration inhibitors include the metal complexes, diimmonium salts, and
aminium salts represented by formulae (III), (IV) and (V), respectively, described in JP-A-3-224793, the nitroso com-
pounds disclosed in JP-A-2-300287 and JP-A-2-300288, and the TCNQ derivatives taught in JP-A-10-151861.
[0050] The recording layer is formed by dissolving the dye and, if necessary a discoloration inhibitor, a binder, etc.
in an appropriate solvent to prepare a coating composition, applying the coating composition to the pregrooved side
of the substrate, followed by drying. The solvent of the coating composition includes esters such as butyl acetate, ethyl
acetate, and cellosolve acetate; ketones, such as methyl ethyl ketone, cyclohexanone, and methyl isobutyl ketone;
chlorinated hydrocarbons, such as dichloromethane, 1,2-dichloroethane, and chloroform; amides, such as dimethyl-
formamide; hydrocarbons, such as cyclohexane; ethers, such as tetrahydrofuran, ethyl ether, and dioxane; alcohols,
such as ethanol, n-propanol, isopropyl alcohol, n-butanol, diacetone alcohol; fluorine-containing solvents, such as
2,2,3,3-tetrafluoropropanol; and glycol ethers, such as ethylene glycol monomethyl ether, ethylene glycol monoethyl
ether, and propylene glycol monomethyl ether. One or more solvents are selected taking the solubility of the solute
compounds into consideration. The coating composition may contain other additives, such as antioxidants, UV absorb-
ers, plasticizers, and lubricants, according to necessity.
[0051] The binder that can be used in the coating composition include naturally occurring organic polymers, such
as gelatin, cellulose derivatives, dextran, rosin, and natural rubber; and synthetic organic polymers, such as hydrocar-
bon resins (e.g., polyethylene, polypropylene, polystyrene, and polyisobutylene), vinyl resins (e.g., polyvinyl chloride,
polyvinylidene chloride, and vinyl chloride-vinyl acetate copolymers), acrylic resins (e.g., polymethyl acrylate and
polymethyl methacrylate), polyvinyl alcohol, chlorinated polyethylene, epoxy resins, butyral resins, rubber derivatives,
and an initial condensate of a thermosetting resin, such as a phenol-formaldehyde resin. The binder, when used, is
usually used in an amount 0.01 to 50 times, preferably 0.1 to 5 times, the weight of the dye. The dye concentration in
the coating composition usually ranges 0.01% to 10% by weight, preferably 0.1% to 5% by weight.
[0052] The coating composition is applied by spraying, spin coating, dipping, roll coating, blade coating, doctor roll
coating, screen printing, or like techniques. The recording layer may have a single- or multi-layer structure. The re-
cording layer generally has a thickness of 20 to 500 nm, preferably 50 to 300 nm.
[0053] A reflective layer is provided on the recording layer for increasing the reflectance in reading the recorded
information. Light reflective materials showing a high reflectance to laser light are used, including metals or semi-metals
such as Mg, Se, Y, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Fe, Co, Ni, Ru, Rh, Pd, Ir, Pt, Cu, Ag, Au, Zn, Cd, Al, Ga,
In, Si, Ge, Te, Pb, Po, Sn, and Bi; and stainless steel. Preferred of them are Cr, Ni, Pt, Cu, Ag, Au, Al, and stainless
steel, with Ag being particularly preferred. The above recited materials can be used either individually or as a mixture
or an alloy of two or more thereof. The reflective layer can be formed by vacuum evaporation, sputtering or ion plating.
The reflective layer usually has a thickness of 10 to 300 nm, preferably 50 to 200 nm.
[0054] Aprotective layer maybe provided on the reflective layer for the purpose of physically and chemically protecting
the recording layer. A protective layer may also be provided on the other side of the substrate to provide protection
against scratches and moisture. Materials for the protective layer include inorganic substances, such as SiO, SiO2,
MgF2, SnO2, and Si3N4; and organic substances, such as thermoplastic resins, thermosetting resins, and UV curing
resins. The protective layer can be formed by, for example, laminating the reflective layer and/or the substrate with an
extruded resin film via an adhesive layer. The protective layer may also be formed by vacuum evaporation or sputtering.
The protective layer of a thermoplastic resin or a thermosetting resin may be formed by applying a solution of the resin
in an appropriate solvent followed by drying. The protective layer of a UV curing resin can be formed by applying the
resin ei ther as such or as dissolved in an appropriate solvent, followed by UV irradiation to cure the resin. The coating
composition for the protective layer can contain additives such as antistatics, antioxidants, and UV absorbers according
to the purpose. The protective layer usually has a thickness of 0.1 to 100 µm.
[0055] There is thus obtained a laminate having the recording layer, the reflective layer, and, if desired, the protective
layer on the substrate. The resulting laminate is bonded to another laminate via an adhesive wi th the recording layers
inside to produce a DVD-R format recording medium having two recording layers. Or the resulting laminate is bonded
to a protective disk substrate having the same dimension as the substrate of the laminate (called a dummy disk) via
an adhesive with the recording layer inside to produce a single-sided DVD-R format recording medium having a single
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recording layer.
[0056] The method of recording information according to the present invention is carried out using the optical re-
cording medium of the present invention, for example, as follows. The recording medium is rotated at a constant linear
velocity or a constant angular velocity on a drive and irradiated with a write laser beam (e.g., a semiconductor laser
beam) from the side of the substrate. It is believed that the irradiation causes any change, such as deformation of the
recording layer and/or the reflective layer to create a void in the interface between the recording layer and the reflective
layer, deformation of the substrate to form a bulge or a change in color or association state of the recording layer,
whereby information is recorded as a change of refractive index of the recording layer. Light used for writing includes
a semiconductor laser beam having an oscillation wavelength ranging from 770 nm to 790 nm for CD-Rs and from 600
nm to 700 nm (preferably 620 to 680 nm, still preferably 630 to 660 nm) for DVD-Rs. The recorded information is read
by irradiating the medium rotating at the same speed as for writing with a semiconductor laser beam having the same
wavelength as used for writing from the substrate side and detecting the reflected light.

EXAMPLES

[0057] The present invention will now be illustrated in greater detail with reference to Examples, but it should be
understood that the invention is not deemed to be limited thereto.

EXAMPLE 1 AND COMPARATIVE EXAMPLE 1

[0058] A polycarbonate resin was injection molded to make a 0.6 mm-thick and 120 mm-diameter disk substrate
having a 310 nm-wide and 130 nm-deep spiral pregroove at a track pitch of 0.74 µm.
[0059] A solution of 1.25 g of compound No. 3 according to the present invention in 100 ml of 2,2,3,3-tetrafluoropro-
panol was applied to the pregrooved side of the substrate by spin coating to form a recording layer. Silver was deposited
on the recording layer by sputtering to form a reflective layer having a thickness of 150 nm. A 0. 6 mm-thick and 120
mm-diameter dummy substrate was joined to the reflective layer using a UV curing resin (Daicure Clear SD640 available
from Dainippon Ink & Chemicals, Inc.) as an adhesive to produce a single-sided recording medium.
[0060] A comparative recording medium was prepared in the same manner as described above, except for using
comparative compound (1) shown below in place of compound No. 3.

Comparative compound (1):

[0061]

[0062] Eight-sixteen modulation signals were recorded on the resulting recording medium using an optical disk eval-
uation system (DUD 1000 and Multi Signal Generator, supplied by Pulstec Industrial Co., Ltd.; laser wavelength: 660
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nm; NA: 0.60) at a constant linear velocity varied from 3.5 m/sec (standard linear velocity of DVD-Rs) to 35 m/sec. The
write strategy data used in the experiment are shown in Table 1 below.

[0063] The results of the optimum recording power and jitter measurements are shown in Table 2 below.

Write Speed 1x 8x 8x 10

Write Strategy A B C D

3T top 1.55 2.55 1.85 2.75

4T top 1.50 2.92 2.12 3.20

nT top 1.55 1.70 1.30 1.90

T mp 0.65 - - -

nT wt - 0.50 -0.30 0.55

nT lp - 1.40 0.60 1.40

3-nT ld - -0.03 -0.05 -0.03

3T dtop - -0.15 -0.05 -0.15

4T dtop - 0.20 0.35 0.20

nT dtop - 0.00 0.00 0.00

5T top2 - -0.15 -0.05 -0.20

5T tlp2 - -0.10 -0.15 -0.20

5T dlp2 - 0.00 0.00 0.00

Po/Pm - 1.48 1.58 1.36

TABLE 2

Example 1 Comparative Example 1

Linear Velocity (m/sec) 3.5 28.0 35.0 3.5 28.0 35.0

Write Strategy A B D A B D

Recording Power (mW) 12.0 34.7 39.0 8.5 26.0 33.0

Reflectance (%) 49 49 49 52 52 52



EP 1 542 221 A1

5

10

15

20

25

30

35

40

45

50

55

20

[0064] The recording medium of Example 1 has a low litter and a high reflectance at any of 1x, 8x and 10x speeds,
whereas the recording medium of Comparative Example 1 shows steep deterioration in aperture ratio (AP) and jitter
in high speed recording at 8x or 10x. Furthermore, the optimum recording power in Example 1 was 34.7 mW in the
write strategy B, while in Comparative Example 1, the jitter was lowest near the write strategyA, which implies that the
optimum recording power would be 8.6 mW or lower.

EXAMPLE 2

[0065] Optical recording disks 202 to 211 were produced in the same manner as in Example 1, except for replacing
dye compound No. 3 with each of dye compound Nos. 4, 5, 7, 10, 13, 19, 20, 27, 32, and a combination of compound
Nos. 3 and 34. The resulting disks were evaluated in the same manner as in Example 1. As a result, all the disks
exhibited excellent write/read performance in a full range of speed of from 1x to 10x. Of the results of evaluation those
at a linear velocity of 35.0 m/sec (10x) are shown in Table 3 below. The results of the disks of Example 1 (Sample 201)
and Comparative Example 1 (Sample 212) are also shown. It is seen that the dye compounds used in the invention
exhibit high reflectances, low jitters, and sufficient degrees of modulation.

[0066] In addition, the recording media of Example 2 were used to record 3T and 14T single-frequency signals at
12x and 16x speeds. As a result, the C/N ratio, degree of modulation, and jitter were equal to those obtained in 1x to
10x recording, indicating that the recording media exhibit satisfactory characteristics in recording at as high a speed
as 10x to 16x or even in faster recording.
[0067] This application is based on Japanese Patent application JP 2003-408522, filed December 8, 2003, the entire
content of which is hereby incorporated by reference, the same as if set forth at length.

Claims

1. A heat mode recordable, optical recording medium comprising:

a transparent substrate;

TABLE 2 (continued)

Example 1 Comparative Example 1

Jitter (%) 7.9 7.8 8.0 8.1 13.0 14.0

14T Modulation Degree 0.52 0.72 0.77 0.63 0.66 0.67

TABLE 3

Sample No. Compound No. Reflectance
(%)

Jitter
(%)

14T Modulation Degree Remark

201 3 49 8.0 0.77 invention

202 4 45 8.2 0.78 invention

203 5 46 8.1 0.77 invention

204 7 47 7.9 0.77 invention

205 10 45 8.1 0.78 invention

206 13 46 7.8 0.77 invention

207 19 47 7.9 0.76 invention

208 20 47 8.4 0.75 invention

209 27 48 8.3 0.76 invention

210 32 45 8.2 0.78 invention

211 3/34 (40/60 by weight) 46 7.5 0.78 invention

212 Comparative compound 1 52 14.0 0.67 comparison
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a recording layer containing a dye; and
a reflective layer,

wherein the recording layer comprises an organic dye, and
the medium has an optimum recording power of at least 25 mW when recorded at a linear velocity v (m/sec)

with a laser beam having a wavelength of 600 to 700 nm, the optimum recording power being defined as a recording
power (Po) at which a jitter in recording 8/16 modulation signals is lowest and being represented by equation:

in which P1 is an optimum recording power in recording at a linear velocity of 3.5 (m/sec).

2. The optical recording medium according to claim 1, wherein the organic dye is an oxonol dye.

3. The optical recording medium according to claim 2, wherein the oxonol dye is represented by formula (I):

wherein Za1 and Za2 each independently represents an atomic group necessary to form an acidic nucleus; Ma1,
Ma2 and Ma3 each independently represents a substituted or unsubstituted methine group; ka represents an integer
of 0 to 3; when ka is 2 or 3, Ma1' s and Ma2' s may be same or different, respectively; Q represents an ion neutralizing
charge; and y represents a number necessary for neutralization.

4. The optical recording medium according to claim 3, wherein the ion represented by Q is represented by formula (II)

wherein R11, R12, R14, R15, R16, R17, R19, and R20 each independently represents a hydrogen atom or a substituent;
and R13 and R18 each independently represents a substituent.

Po = P1 3 (v/3.5) ~ 1.5P1 3 (v/3.5)



EP 1 542 221 A1

5

10

15

20

25

30

35

40

45

50

55

22

5. The optical recording medium according to claim 1, which has a structure selected from:

(1) a structure in which a first laminate comprising a transparent disk substrate with a diameter of from 117 to
123 mm or from 77 to 83 mm and a thickness of from 0.5 to 0.7 mm having a pregroove formed thereon at a
track pitch of from 0.6 to 0.9 µm and a recording layer containing a dye formed on a pregrooved side of the
substrate is joinedwith a second laminate having same dimension and structure as the first laminate with the
recording layer of the first laminate and the recording layer of the second laminate facing inside to have a total
thickness of from 1.0 to 1.4 mm; and
(2) a structure in which the first laminate is joined with a protective disk substrate with the recording layer
facing the protective disk substrate to have a total thickness of from 1.0 to 1.4 mm.

6. An optical recording method comprising recording an optical recording medium comprising a transparent substrate,
a recording layer containing an organic dye and a reflective layer with a laser beam having a wavelength of 600
to 700 nm at a linear velocity v (m/sec) with an optimum recording power of at least 25 mW, the optimum recording
power being defined to be a recording power (Po) at which a jitter in recording 8/16 modulation signals is lowest
and represented by equation:

where P1 is an optimum recording power in recording at a linear velocity of 3.5 (m/sec).

7. An optical recording medium used in the optical recording method according to claim 6.

8. The optical recording medium according to claim 7, wherein the organic dye is an oxonol dye.

9. The optical recording medium according to claim 8, wherein the oxonol dye is represented by formula (I):

wherein Za1 and Za2 each independently represents an atomic group necessary to form an acidic nucleus; Ma1,
Ma2, and Ma3 each independently, represents a substituted or unsubstituted methine group; ka represents an
integer of 0 to 3; when ka is 2 or 3, Ma1' s and Ma2' s may be same or different, respectively; Q represents an ion
neutralizing charge; and y represents a number necessary for neutralization.

10. The optical recording medium according to claim 9, wherein the ion represented by Q is represented by formula (II) :

Po = P1 3 (v/3.5) ~ 1.5P1 3 (v/3.5)
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wherein R11, R12, R14, R15, R16, R17, R19, and R20 each independently represents a hydrogen atom or a substituent;
and R13 and R18 each independently represents a substituent.

11. The optical recording medium according to claim 7, which has a structure selected from:

(1) a structure in which a first laminate comprising a transparent disk substrate with a diameter of from 117 to
123 mm or from 77 to 83 mm and a thickness of from 0.5 to 0.7 mm having a pregroove formed thereon at a
track pitch of from 0.6 to 0.9 µm and a recording layer containing a dye formed on a pregrooved side of the
substrate is joined with a second laminate having same dimension and structure as the first laminate with the
recording layer of the first laminate and the recording layer of the second laminate facing inside to have a total
thickness of from 1.0 to 1.4 mm; and
(2) a structure in which the first laminate is joined with a protective disk substrate with the recording layer
facing the protective disk substrate to have a total thickness of from 1.0 to 1.4 mm.
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